ABSTRACT L i v e c o r a l c o v e r waslow(32.9%) on a b e l t t r a n s e c t 87 meters long and one metre wide, on t h e c o r a l reef a t Cape Rachado, P o r t Dickson. Considered s e p a r a t e l y the reef edge had a l i v e c o r a l cover of 59.6% and t h e reef f l a t 26.5%.
INTRODUCTION

Studies on c o r a l r e e f s i n Malaysian waters have been mainly d e s c r i p t i v e .
These include t h e study of Purchon (1956) which was l i m i t e d t o a reference c o l l e c t i o n of c o r a l s occurring around Singapore. Chuang (1961) a l s o made a c o l l e c t i o n around Singapore and extended it with somecollections i n Malaysian seas (Chuang, 1973) .
Work by Scheer (1970) on t h e second Xarifa Expedition i n 1958 b r i e f l y surveyed t h e area from Penang t o the Sembilan I s l a n d s , approximately 80 n a u t i c a l miles t o t h e south i n t h e S t r a i t s of Malacca.
A d e s c r i p t i o n of t h e species found, together with e c o l o g i c a l notes of t h e c o l l e c t i o n s i t e s , i s given by P i l l a i and Scheer (1974) .
This paper p r e s e n t s a d e s c r i p t i o n of the community s t r u c t u r e i n terms of species composition, zonation and d i v e r s i t y p a t t e r n s of t h e f r i n g i n g reef community a t Cape Rachado. l~e~a r t m e n t of Zoology, University of Malaya, Kuala Lumpur 22-11, Malaysia.
Manuscript received August 1979 --Eds.
METHODS
A t Cape Rachado ( Fig. 1 ) t h e f r i~g i n g r e e f extends a s a reef f l a t almost a l l t h e way round t h e cape.
The r e e f f l a t where t h i s study was c a r r i e d o u t extends from t h e rocky shore i n a westerly d i r e c t i o n f o r a d i s t a n c e of over 85 metres t o t h e reef edge (Fig. 1 ) .
The r e e f was f i r s t surveyed f o r a reference c o l l e c t i o n of c o r a l s . Hard c o r a l s were i d e n t i f i e d following S e a r l e (19561, while s o f t c o r a l s were i d e n t i f i e d by D r . J. Verseveldt (The Netherlands).
The method employed f o r q u a n t i t a t i v e sampling of t h e c o r a l d i s t r i b u t i o n i s t h e contiguous t r a n s e c t technique (Maragos 1974) .
A t r a n s e c t was marked by l a r g e n a i l s hammered i n t o c o r a l heads a t v a r i o u s i n t e r v a l s .
A one metre quadrat, subdivided i n t o a g r i d of 100 squares of equal s i z e was used i n sampling a l l along one s i d e of a t r a n s e c t l i n e (beginning with quadrat 1 l o c a t e d near t h e rocks and ending with quadrat 87 a t t h e reef edge).
A sketch of t h e c o r a l colonies i n each quadrat was drawn t o s c a l e on a d a t a sheet.
Any colony growing independently of i t s neighbour was considered an i n d i v i d u a l colony, i . e . whenever an empty space was recorded between two adjacent c o l o n i e s (Loya 1972) . Growth forms were noted.
For growth forms more i n c l i n e d t o f l a t h o r i z o n t a l growth such a s t h e laminated Astraeopora myriophthalma, t h e percentage cover was derived d i r e c t l y from t h e number of squares occupied within t h e quadrat.
For growth forms such a s those of t h e massive Goniastrea retifonnis where encrusting c o r a l l i t e s a r e found on t h e v e r t i c a l face of t h e boulders, t h e depth was measured and recorded on t h e sketch and used t o c a l c u l a t e t h e s u r f a c e area.
This i s a b e t t e r assessment of c o r a l cover than a two dimensional accounting t h a t was applied t o t h e f l a t form.
The cover of various species of macroalgae within t h e quadrat was a l s o recorded.
The study was c a r r i e d o u t from A p r i l t o September 1976.
RESULTS
Environmental parameters
T i d a l exposure of t h e r e e f f l a t ( c a l c u l a t e d f o r August and September 1976 based on t i d a l d a t a obtained from t h e Tide Tables) show t h a t t h e r e e f f l a t was exposed 6% of t h e time f o r t h e above period.
A t extreme low s p r i n g t i d e s t h e reef f l a t may be exposed t o t h e a i r f o r more than 3 hours.
The r e e f f l a t extends from t h e rocky shore f o r about 50 metres where it s l o p e s g e n t l y again f o r a d i s t a n c e of 10 metres before reaching t h e r e e f edge where numerous surge channels a r e p r e s e n t (Fig. 2 ) .
These channels a r e trenches which a r e i n c o n t i n u i t y with t h e open sea.
The reef edge extends f o r about 17 metres and then f a l l s off gently t o a f l a t muddy bottom.
Corals grow on t h e r e e f s l o p e up t o a depth of 8 metres.
Turbidity readings determined a t t h e r e e f edge were v a r i a b l e ranging from Secchi d i s c readings of 2 m on an overcast day with rough s e a when water had a high sediment load t o readings of 7 m on a c l e a r day with calm s e a and a lower sediment load.
Coral fauna
The l i s t of t h e c o r a l s found i n Cape Rachado with t h e i r r e l a t i v e abundance and morphological forms a r e presented i n Table 1. A t l e a s t 41 species were present which includes 35 s c l e r a c t i n i a n hermatypes, one m i l l i p o r i n i d and 5 alcyonaceans.
Only one genus of s o l i t a r y c o r a l , Fungia , was found.
The abundance, frequency and s i z e index of c o r a l species found on t h e t r a n s e c t a r e included i n Table 1 .
Abundance r e f e r s t o t h e percentage cover of t h e species with respect t o t h e t o t a l area of t h e t r a n s e c t .
The frequency of a species i s t h e number of quadrats i n which the species i s present.
Of t h e 87 quadrats i n t h e t r a n s e c t , only three d i d not contain any coral.
These quadrats had sandy substrates.
Size index was calculated f o r individual species and quadrats.
The data from t h e former allows comparison of colony s i z e between species, while t h e l a t t e r , between quadrats.
Size index f o r species i s derived from the division of t o t a l cover of t h e species ( f o r t h e whole t r a n s e c t ) by the number of i t s colonies.
This i s a measure of t h e average s i z e of t h e c o r a l species (Table 1 ) .
Size index f o r quadrats i s derived from t h e d i v i s i o n of percentage cover i n one quadrat by t h e number of colonies found i n it (Fig. 3 ) .
Species richness i . e . t h e number of species per u n i t area was a l s o calculated.
This was computed f o r quadrat s i z e s of 1 m Z , 2 m Z , 5 mZ and 10 mZ (Fig. 4 ) .
Species richness i s a measure of d i v e r s i t y which takes i n t o account the number of species without considering t h e r e l a t i v e proportion of each species.
To include t h e l a t t e r parameter i n t h e c a l c u l a t i o n , the Shannon-Weaver (1949) index was computed using where Pi i s t h e proportion (percent cover) of t h e ' i t h ' species i n a sample and In r e f e r s t o t h e n a t u r a l logarithm.
This index was computed f o r contiguous quadrats of f i v e and i s presented together with c o r a l abundance i n Fig. 5 .
Abundance here r e f e r s t o t h e percentage cover of c o r a l s i n t h e quadrats i r r e s p e c t i v e of the species composition i n t h e quadrats.
To measure dominance of one o r few species i n a quadrat, t h e Evenness Index (Pielou, 1966) 
was used. This i s t h e r a t i o of t h e observed Shannon-Weaver d i v e r s i t y index, H c ' , t o t h e maximum d i v e r s i t y index H I m a x .
The d i v e r s i t y index i s maximal when t h e proportion of a l l species i n a sample i s equal.
When one o r few species i s much more abundant than the r e s t , t h e Evenness index i s low (Fig. 6 ) . Numerical abundance of c o r a l s measures d i s t r i b u t i o n of c o r a l colonies without regard t o number of species and proportion of each species (Fig. 7 ) . For a zonation model of t h e r e e f , t h e c o r a l cover of 15 contiguous quadrats a r e pooled together (Fig. 8 ) .
The zones a r e named a f t e r the dominant species. Table 1 . Abundance i n terms o f % c o v e r , r e l a t i v e abundance, frequency and s i z e i n d e x of c o r a l s found i n Cape Rachado. R e l a t i v e abundance ( p e r c e n t a g e c o v e r ) o f s p e c i e s on t h e t r a n s e c t a r e based on t h e f o l l o w i n g s c a l e o f q u a n t i f i c a t i o n : Abundant (A) = 2%, Common ( C ) = 1 -2%, O c c a s i o n a l ( 0 ) = 0.3 -1% and Rare ( R ) = 0.3%.
C o r a l s n o t found on t h e t r a n s e c t a r e l i s t e d l a s t ( a s t e r i s k s ) . Key f o r growth forms: B = b r a n c h i n g ; F = f o l i a c e o u s ; G = g l o b u l a r ; L = l a m i n a t e ; M= massive.
S p e c i e s Growth forms
A l l c o r a l s
Lobophyt um crassum
Von M a r e n z e l l e r
Loboph y t um c r a s s o s p i c u l a t um Moser
Lobophytum p a u c i f l o r u m (Ehrenberg)
Sarcophyton e h r e n b e r g i Von M a r e n z e l l e r Astraeopora myriophthalma (Lamarck)
Montipora i n f o r m i s Bernard
Pavona f r o n d i f e r a Lamarck
Pavona c r a s s a (Dana) P a c h y s e r i s s p e c i o s a (Dana)
Fungia f u n g i t e s (Linnaeus )
Gonipora l o b a t a Milne-Edwards Haime
P o r i tes convexa
V e r r i l l 
P o r i t e s n i g r e s c e n s
Dana
Porites l u t e d
F a v i t e s a b d i t a M
( E l l i s & Solander)
G o n i a s t r e a p e c t i n a t a M (Ehrenberg)
G o n i a s t r e a retiformis M (Lamarck) Macroalgae associated with corals Both living and dead coral skeleton provide a habitat and substrate for algae and a variety of sessile and burrowing organisms. A conspicuous feature of the Cape Rachado coral reef is the abundance of macroalgae.
G o n i a s t r e a benhami M Vaughan
P l a t y g y r a l a m e l l i n a
M (Ehrenberg) Merulina a m p l i a t a L ( E l l i s & Solander)
Gal axed f a s c i c u l a t i s
The brown algae predominate represented by Sargassum sp., Padina commersonij. and T u r b i n a r i a sp.
Another abundant species is the red coralline algae, C o r a l l i n a sp.
The above four species were quantitatively surveyed along 70 metres of the transect (Table 2) . Padina forms small individual bunches of pale brown, fan shape fronds with concentric rings, but cover only little space.
T u r b i n a r i a occurs in clumps near the reef edge.
C o r a l l i n a , with biramous branching resulting in thick bushy growth occupies little space, thus its distribution, is patchy and occupied only a few squares (Table 2 ).
Table 2: D i s t r i b u t i o n and abundance of macroalgae on t h e t r a n s e c t .
Numbers r e p r e s e n t t h e number of 10 cm squares occupied by t h e a l g a e i n each one metre quadrat.
SPECIES SPECIES SPECIES
' rl ' rl r: 
F i f t y s i x p e r c e n t of c o r a l s p e c i e s found i n Cape Rachado were p r e s e n t on t h e 1 x 87 metre b e l t t r a n s e c t s t u d i e d .
Live c o r a l cover on t h e r e e f was low (32.9%).
However, i f considered s e p a r a t e l y t h e r e e f edge comprising 17 metres of t h e t r a n s e c t h a s a c o r a l cover of 59.6% and t h e r e e f f l a t of 70 metres only 26.5%.
The high c o r a l cover a t t h e r e e f edge compares favourably with t h e r e e f s l o p e a t Fanning I s l a n d , Line I s l a n d s , where Maragos (1974) o b t a i n e d a v a l u e of 60%. S i z e i n d i c e s along t h e t r a n s e c t (beginning from q u a d r a t 1 a t rocky shore t o q u a d r a t 87 a t r e e f edge) show extreme v a r i a b i l i t y (Fig. 3 ) , ranging from 1% t o 95%.
However, t h e two r e g i o n s from q u a d r a t 25 t o 35 and 46 t o 64, show s i g n i f i c a n t l y lower s i z e index t h a n t h e a d j a c e n t r e g i o n s .
The former corresponds t o a r e a s dominated by G o n i a s t r e a r e t i f o r m i s and Lobophytum spp.
The l a t t e r an a r e a dominated by Astraeopora myriophthalma, Pavona f r o n d i f e r a and Porites e r i d a n i . These two r e g i o n s a l s o show low abundance (Fig. 5 ) b u t t h e number of c o l o n i e s between them d i f f e r g r e a t l y (Fig. 7 ) .
The o p p o s i t e ends of t h e t r a n s e c t between q u a d r a t s 5-15 ( P . l u t e a zone) and q u a d r a t s 70-87 (mixed zone) show s i g n i f i c a n t l y higher abundance (Fig. 5 ) .
The f i r s t a r e a (on t h e r e e f f l a t ) , e x c l u s i v e l y colonized by P . l u t e a a l s o showed low d i v e r s i t y , s p e c i e s r i c h n e s s , evenness index and frequency b u t l a r g e s i z e index. I n d i v i d u a l c o l o n i e s of t h e s p e c i e s a r e spread over l a r g e a r e a s , thereby excluding o t h e r s p e c i e s .
This reduces t h e d i v e r s i t y , speci-es r i c h n e s s and frequency.
On t h e o t h e r hand, t h e second a r e a i s a zone e q u a l l y dominated by a number of s p e c i e s such a s
Sarcophyton e h r e n b e r g i , Porites c o n v e x a , Merulina a m p l i a t a and G o n i a s t r e a
spp. (Fig. 8 ) .
Here t h e zone i s c h a r a c t e r i s e d by high d i v e r s i t y , s p e c i e s r i c h n e s s , evenness index and frequency and a l s o a l a r g e s i z e index.
Generally t h e f i r s t and second a r e a s r e f l e c t t h e c h a r a c t e r i s t i c c o r a l s p e c i e s of t h e r e e f f l a t and r e e f edge r e s p e c t i v e l y . This d i f f e r e n c e i n c o r a l s p e c i e s c h a r a c t e r s i s a r e s u l t of c o n t r a s t i n g environmental c o n d i t i o n s .
The r e e f f l a t i s s u b j e c t t o s t r e s s of high temperature and v a r i a b l e s a l i n i t y .
Exposure t o t h e sun during p e r i o d s of low s p r i n g t i d e s i n c r e a s e s t h e temperature considerably and s u b j e c t t h e c o r a l s t o severe d e s i c c a t i o n . Loya (1976) r e p o r t e d mass m o r t a l i t y of c o r a l s i n t h e Gulf of E i l a t during a p e r i o d of extreme low t i d e s i n 1970.
I n t h e event of r a i n d u r i n g p e r i o d s of t i d a l exposure, t h e s a l i n i t y may be reduced.
Regular occurrence of such f l u c t u a t i o n s causes m o r t a l i t y of l e s s hardy and competitive s p e c i e s ; thereby reducing t h e d i v e r s i t y .
Species which can t o l e r a t e such environmental c o n d i t i o n s dominate t h e s u b s t r a t e . Another p o s s i b l e f a c t o r f o r t h e d i f f e r e n c e between t h e r e e f f l a t and r e e f edge i s t h e presence of s u r g e channels i n t h e l a t t e r . These surge channels probably b r i n g i n a good supply of oxygen and food. F u r t h e r , t h e e x t r a v e r t i c a l dimension of t h e r e e f edge i n c r e a s e s t h e a r e a of s u b s t r a t e f o r t h e s e t t l i n g of p l a n u l a e .
-~E i s phenomenon of high abundance and d i v e r s i t y on t h e r e e f edge i s e q u i v a l e n t t o t h e 'edge e f f e c t ' r e p o r t e d by P o r t e r (1972).
A s t r a e o p o r a myriophthalma and P o r i t e s e r i d a n i a r e t h e dominant
c o r a l s of t h e r e g i o n between q u a d r a t s 50 t o 60, a zone t h a t i s i n t h e trough of t h e r e e f f l a t . The seaward end of t h e r e e f f l a t (between q u a d r a t s 60 and 70) i s covered mostly by Porites convexa and S a r c o p h y t o n e h r e n b e r g i . Porites convexa i s only found seaward from t h i s region onwards which i n view of i t s proximity with t h e r e e f edge, b e n e f i t from t h e food and oxygen brought i n by t h e surge channels.
Maragos ( Analysis of t h e s i z e index of q u a d r a t s (Fig. 3 Sediments which s e t t l e on t h e reef f l a t smother t h e c o r a l s .
) i n d i c a t e s t h a t t h e s m a l l e s t c o l o n i e s e x i s t e d i n t h e middle region of t h e r e e f f l a t ( q u a d r a t s 15 t o 65) and t h e l a r g e s t c o l o n i e s occurred a t both t h e seaward and landward ends of t h e r e e f f l a t . These d a t a support t h e hypothesis t h a t l a r g e c o l o n i e s of Porites l u t e a and S a r c o p h y t o n e h r e n b e r g i
This l e a d s t o a s i g n i f i c a n t l y lower l i v i n g coverage and d i v e r s i t y , a conclusion t h a t i s a l s o shared by Loya (1972) concerning t h e E i l a t c o r a l r e e f f l a t .
S o f t c o r a l s (alcyonaceans) which do n o t c o n t r i b u t e t o t h e r e e f s k e l e t a l framework a r e abundant i n Cape Rachado c o n t r i b u t i n g 17% of t o t a l c o r a l cover on t h e t r a n s e c t .
This i s i n c o n t r a s t t o t h e s i t u a t i o n i n most r e e f s , e.g. t h e Great B a r r i e r Reef where t h e s o f t c o r a l s a r e n e g l i g i b l e .
S o f t c o r a l abundance i n t h e Red Sea i s due t o t h e i r a b i l i t y t o t o l e r a t e t u r b i d i t y and o c c a s i o n a l extreme low t i d e s b e t t e r than stony c o r a l s which a r e more adapted t o s t r o n g c u r r e n t s and s w e l l s (Schuhmacher 1975) . During extreme low t i d e s , t h e s o f t c o r a l s droop over t h e s u b s t r a t e , reducing t h e exposure of polyps t o d i r e c t s u n l i g h t . 
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Bathymetry of r e e f t r a n s e c t i n r e l a t i o n t o t h e v a r i o u s t i d a l l e v e l s Coral abundance and t h e Shannon-Weaver d i v e r s i t y index p l o t t e d a s a f u n c t i o n of t r a n s e c t l o c a t i o n with v a l u e s based on pooling of contiguous groups of f i v e q u a d r a t s Number of q u a d r a t s a t 5 meter i n t e r v a l s along t r a n s e c t Zonation model of c o r a l r e e f t r a n s e c t a t Cape Rachado
QUADRAT NUMBER
